Two naturally occurring mutant insulin receptors phosphorylate insulin receptor substrate-1 (IRS-1) but fail to mediate the biological effects of insulin. Evidence that IRS-1 phosphorylation is not sufficient for normal insulin action.
Two naturally occurring mutant insulin receptors, Arg-1174 --> Gln and Leu-1178 --> Pro, found in patients with dominantly inherited Type A insulin resistance, showed unusual signaling properties when stably expressed in Chinese hamster ovary (CHO) cells. Both mutant receptors were expressed on the cell surface and bound insulin normally, but showed markedly impaired autophosphorylation in response to insulin. In addition, the in vitro tyrosine kinase activity of both mutant receptors toward an artificial substrate was also severely impaired. Despite these defects of kinase activity, anti-phosphotyrosine immunoblotting of whole cell lysates and anti-phosphotyrosine immunoprecipitation of 32P-labeled cells showed insulin-stimulated tyrosine phosphorylation of a protein of approximately 185 kDa to an extent comparable to that seen in CHO cells expressing wild-type human insulin receptors. Anti-insulin receptor substrate-1 (IRS-1) immunoprecipitation followed by anti-phosphotyrosine immunoblotting confirmed that this tyrosine-phosphorylated protein was IRS-1. In contrast, CHO cells expressing an insulin receptor mutated at the ATP binding site (Lys-1030 --> Arg) showed no insulin-stimulated autophosphorylation or phosphorylation of IRS-1. Despite exhibiting apparently normal insulin stimulation of IRS-1 tyrosine-phosphorylation, cells expressing the Arg-1174 --> Gln or Pro-1178 --> Leu receptors showed marked impairment in insulin stimulation of glycogen synthesis, thymidine incorporation, and activation of MAP kinase. The inability of these mutant receptors to signal normally to metabolic and mitogenic responses suggests that insulin-stimulated tyrosine phosphorylation of IRS-1 alone is insufficient to fully mediate insulin action.